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ABST/lACT Prevalence and intensity of Perki11s11s spp. infections were determined in soft-sbeJJ clams Mya are11aria during 1990 to 
1998 based upon incubation of rectal tissues in Ray's Ouid thioglycollate medium. During the study, soft-shel l clams were collected 
from 18 sites in the upper Chesapeake Bay in Maryland. Enlarged hypnospores were found in - 7% ( 114/1 .705) of the soft-shell clruns. 
Peak prevalences occurred in the fall of 1992 wi th - 53% ( 16/30) at Piney Point and 50% (15/30) at Eastern Neck. and in August 1995 
with - 64% ( 18/28) and - 37o/o ( 11/30) at Cedar Point and Piney Point, respectively. This investigation provides evidence that Perkinsus 
spp. infections in soft-sheU clan1s are more common than previously tbought. 
KEY WORDS: soft-shell clan1. Perki11s11s spp .. Chesapeake Bay, Marylru,d, infection. intensity 
INTRODUCTION 
Protozoa of the genus Perkinsus have been associated with 
significaot losses of feral and cultured species of bivalve n1ollusks 
\VOrldwide. Previous reports of Perki11s11s sp. infections in soft-
shell clan1s Mya arenaria of the Chesapeake Bay have been un-
con1mon (Andrews 1954 ), and its geographic distribution remains 
to be determined. Recently, McLaughli n and Faisal ( 1998a) re-
ported the presence of Perkins11s spp. in Maryland soft-shell clams 
and described the associated histopathological alterations. Most of 
the infections observed were light in intensity, limited to the gills 
and palps, and evoked cellular host responses including encapsu-
lation of in vading paras ites. As infection intensity increased, the 
parasite \Vas found in nearly all tissues of the soft-shelJ clam, 
sometin1es causing adverse host effects (McLaughlin and Faisal 
1998a, J 999). lnterestingJy, two species of Perki11s11s were recently 
isolated fro1n hemolymph and gills of soft-shell c lams collected 
from the Chesapeake Bay and propagated in 1•i1ro (McLaughlin 
and Faisal 1998b). Morphology, life cycle, and molecular charac-
terization studies showed sin1ilarities between the soft-she ll c la111 
hemolymph isolate and P. 111ari1111s, and provided evidence that the 
gill isolate \Vas an undescribed Perkinsus sp. (McLaughlin and 
Faisal 1998a.b. Kotob et al. 1999a.b). 
In the assay routinely used for the detection and quantitation of 
Perki11s1.is spp. cells in bivalves. host ti ssues are incubated in Ray 's 
flujd thioglycollate medium (RFTM) and enlarged hypnospores 
then stained with Lugol 's iodine (Ray 1952). In soft-shell clams, 
the use of rectal tissue in thioglycollate assays was found to be 
effecti ve for diagnosing advanced Perki11s11s s pp. infections 
(McLaughlin and Faisal 1999). A positive result implies that the 
infec tion has progressed from the early encapsulation stage wi thin 
gill tissues to a more sys1e1nic infection spreading in to various 
ti ssues of the infected clam. In this paper, \Ve report infection 
prevalences and intensities of Perki11s11s spp. in Mya arenaria 
collected fro1n 18 sites in the Chesapeake Bay during 1990 to 
CHESAPEAKE BA 
.Figure. 1. Sampling sites in the upper Chesapeake Bay ( l = Swan 
Point; 2 = Eastern Neck; 3 = Love Poin t; 4 = Piney Point; 5 = Eastern 
Neck Island; 6= Cedar Point ; 7 = Cabin Creek: 8 = Wye River; 9 = 
Howell 's Poin t; 10 = Gibson Island) with Perki11s11s-positive soft-shell 
clams Mya are11aria based upon incubation of rectal tissues in Ray's 
flu id thioglycollate mediurn (Ray 1952). Scale: l cm = - 6.9 miles 
(- 11.04 kn1) 
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TABLE J. 
Prevalence (percent infected) and intensity (weighted prevalence) {Mackin 1962) of Perki11sus spp. in softshell clams Mya are11aria fron1 sites 
in the upper Chesapeake Bay (11 = 30). 
Temperature Salinity Percent V\'eighted 
Location Date (° C) (ppt) Infected Prevalence 
Swan Point Dece1nber 1990 9.0 7.5 7 0.07 
Swan Point March 1991 8.0 5.0 0 0.00 
Swan Point July 199 1 27.5 I 0.5 0 0.00 
Howell's Point August 199 l 200 9.2 10 0.27 
Wye River August 1991 25.4 12.5 3 0.03 
Swan Point October 199 1 20.0 12.5 23 0.33 
Swan Point January 1992 5.0 14.5 3 0.03 
Little Choptank March 1992 0 0.00 
Love Point April 1992 7.7 I l.5 3 0.03 
Swan Point Apri l l992 5.0 lO.O 0 0.00 
Piney Point Apri l 1992 9.9 9.3 0 0.00 
Bishop Head Point Apri l l992 0 0.00 
Sandy Point Apri l 1992 12.8 3.8 0 0.00 
Gibson Island' Apri l 1992 8.0 l 2.0 0 0.00 
Cabin Creek June 1992 24.9 13.1 7 0.06 
Swan Point Ju ly 1992 3.6 11.0 0 0.00 
Love Point Ju ly 1992 25.8 I 0.8 0 0.00 
Sandy Point Ju ly l992 23.8 10.0 0 0.00 
Wye Ri ver July 1992 23.8 13.0 0 0.00 
Swan Point September 1992 0 12.0 7 0.10 
Piney Point Sepce1nber 1992 22.6 5.0 53 1. 17 
Gibson Island October 1992 15.9 16.3 26 0.40 
Eastern Neck October 1992 13.6 14.0 50 1.50 
Swan Point February 1993 3.0 7.0 0 0.00 
Nichols Point June 1993 20.4 4.0 0 0.00 
Piney Point June 1993 19.J 4.2 0 0.00 
Cedar Point2 June 1993 17.0 4.2 0 0.00 
Swan Point August 1993 25. 1 I 0.0 17 0.02 
Piney Point August 1993 25.0 9.8 10 0.30 
Eastern Neck August 1993 25. 1 I 0.0 10 0.20 
Love Point August 1993 25.3 l I .0 0 0.00 
Gibson lsla.nd August 1993 26.0 8.2 0 0.00 
Rock Point August 1993 0 0.00 
Swan PoinL October I 99 3 13.7 14.0 3 0.03 
Swan Point March 1994 4.4 5.0 0 0.00 
Swan Point June 1994 26.6 3.5 0 0.00 
Love Point June 1994 22.0 8.0 0 0.00 
Sandy Point June 1994 25.0 4.9 0 0.00 
Eastern Neck Island June 1994 25.0 5.5 0 0.00 
Pier I June 1994 26.2 5.0 0 0.00 
Love Point July 1994 26.6 5.0 0 0.00 
Swan Point July 1994 26.6 3.5 0 0.00 
Eastern Neck Augu:,1 1994 25.2 6.5 0 0.00 
Swan Point AugusL 1994 25.6 7. I 0 0.00 
Huntingfield Sep1e,111ber 1994 22.2 10.0 0 0.00 
Swan Poim September 1994 22.2 9.0 0 0.00 
Swan Creek September 1994 22.2 8.0 0 0.00 
Swan Point Februury 1995 2.2 6.0 10 0.10 
Piney Point February 1995 3. 1 6.0 3 003 
Ea,Lem Neck hland February 1995 3. J 6.0 3 0.03 
Swan PoinL Ju ly 1995 24.2 6.0 0 0.00 
Eastern Neck hland Ju ly 1995 25.0 10.0 0 0.00 
Cedar Poin 11 Augu~t J 995 23.5 14.0 64 1.57 
Piney Point August 1995 23.6 13.5 37 1.33 
Swan Point t\uguM 1995 23.0 12.5 13 0.20 
Swan Point Octtibcr 1996 15.6 ,., ., 
-·-
13 0.20 
S·wan Point July 1998 25.6 4.0 7 0.10 
I /I = 28. 
2 /I = 29. 
Prevalence and 1nten~ily were bused upon incubation of rectal tissues in Ray's lluid thioglycollate mediu1n (Ray 1952). 
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J 998. Prevalences and intensities \Vere detern1ined using rectal 
tissues in thioglycollate assays. 
~1ATERIALS ,\ ND J\,JETHODS 
Clain Collectio11s 
l\1ore than 1.700 soft-shell clams were collected in 57 sa111ples 
(-30 clruns/san1 ple) frorn 18 siles in the Chesapeake Bay (Fig. I ) 
fron1 1990 to 1998 by hydraul ic escalator dredge. Clams from each 
san,pling site were held on ice and transported imn1ediately to the 
\vet lab facil ity at the Cooperative Oxford Laboratory (COL). Ox-
ford. Maryland. Clams were held in 76-L glass aquaria suppUed 
with Tred Avon River water or artificial seawater at temperatures 
bet\veen 8 and 20 °C unti l processed (1-2 days). Salinitjes \Vere 
adjusted to approxi111ate those of the collection sites (5-J 6 ppt). 
Ray's Fluid Thioglycollate Assays 
Pieces of rectum \Vere excised from each clam and incubated in 
RFfM (Ray 1952) for 5-7 days. Jncubated tissues were subse-
quently macerated on glass slides, stained with Lugol 's iodine, and 
examined for spherical blue-black bodies characteristic of Perki11 -
sus spp. (Ray 1952). Infection intensity was estimated using a 
semiquantitative scale from O (negative) to 7 (extremely heavy 
infectio n). modified fron1 Ray (1954) and Mackin ( 1962). 
Weighted prevalences were detern1ined by adding the individual 
assigned intensities and dividing by the number of clarns sampled 
(Mackin 1962). 
RESULTS 
Perki11s11s spp. infections \Vere found in -7o/o ( 114/1,705) of 
soft-shel l clan1s exan1ined. Infected clan1s were found at 10 of the 
J 8 sites surveyed (Fig. I). Ten1peratures and salinities at sites 
positive for Perkins11s spp. ranged fron, 2.2 to 25.4 ° C and fron1 
2.2 to 16.3 ppt (Table I). Peak prevalences of soft-shell clam 
Perki11sus spp. usually occurred in the late sumn,er and fa ll \Vhen 
salinities and temperatures were highest. A peak in prevalence 
occurred in the fall of I 992 with - 53% ( 16/30) at Piney Point and 
50% ( 15/30) at Easren1 Neck (Table I ). Prevalence also peaked in 
August 1995 with - 64o/o ( 18/28) and -37% ( I 1/30) at Cedar Point 
and Piney Point, respectively. As shown in Table 2, intensities of 
infections in the rectaJ dssues ranged fro n, extremely light (stage 
I) to heavy (stage 5). Extrerne cases (stages 6 and 7) were ob-
served in less than J % (9/ 1705) of the soft-shell clams examined. 
The maximun1 weighted prevalences observed were l.17 at Piney 
Point in September 1992 and 1.57 at Cedar Point in August I 995. 
DISCUSSION 
Previous reports of Perki11s11s spp. infections in soft-shell clall1s 
are rare. In Virginia. Perkins11s sp. was reported to occur infre-
quently in soft-shell c lan1s and the low infection intensities ob-
served were not associated with histopathological lesions or mor-
talities (Andrews 1954). Similarly, histological exan1ination of 
over 3,500 soft-shell clatns collected from 20 sites in Maryland 
during 1969 to 1989 revealed only occasional occurrences of Per-
ki11sus spp. (Sara V. Otto, Maryland Deparunent of Natural Re-
TABLE 2. 
lnfection intensities of Perki11s11s spp. in softshell clams, Mya arenaria, from sites in the upper Chesapeake Bay based upon incubation of 
rectal tissues in Ray's fluid thioglycollate medium (Ray 1952). 
lntensity of Infection (Stages 1-7) 
Site Da te 1 2 3 4 5 6 7 Tota l 
(11 = 30) (n1onfh & year) # (- o/o ) # (-o/o) # (- o/o) #(-o/o) # (-%) #(-%) #(-%) #(-%) 
Swan Point December 1990 2 (7) 2 (7) 
Howen·s Point August 1991 I (3) I (3) I (3) 3 ( 10) 
Wye River August 1991 I (3) I (3) 
Swan Point October 1991 -1 ( 13) I (3) I (3) I (3) 7 (23) 
Swan Point January 1992 I (3) I (3) 
Love Point April 1992 I (3) I (3) 
Cabin Creek June 1992 2 (7) 2 (7) 
Swan Point September 1992 I ( 3) I (3) 2 (7) 
Piney Point September 1992 8 (27) 3 (1 OJ 3 ( 10) J (3) I (3) 16 (53) 
Gibson Island October 1992 6 (20) I (3) I (3) 8 (27) 
Eastern Neck October 1992 6 (20) 2 (7) I (3) I (3) 2 (7) 2 (7) I (3) 15 (50) 
Eastern Neck August 1993 3 () 0) 3 ( I 0) 
Swan Point August 1993 -I (13) I {3J 5 ( 17) 
Piney Point August 1993 I (3) I (3) J (3) 3 ( I 0) 
Swan Point October 1993 I (3) J (3) 
Swan Point February 1995 3 ( 10) 3 ( I OJ 
Piney Point February 1995 J (3) I (3) 
Eastern Neck Jsland February 1995 I (3) J ( 3) 
Cedar Point 1 August 1995 5 ( 18) 5 ( 18) 3 ( 11 ) 2 (7) 3 ( I I) 18 t64 ) 
Piney Point August 1995 6 (20) 3 ( I 0) l (3) I (3) 11 t37) 
Swan Point August 1995 2 (7) 2 (7) 4 ( 13) 
Swan Point October J 996 I (3) J (3) 2 (7) -I ( l J) 
Swan Point July 1998 2 (7) 2 (7) 
I n = 28. 
Stage I = extren1ely light, 2 = very light, 3 = light, 4 = moderate. 5 = heavy, 6 = very heavy. 7 = extremely hea\·y. 
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sources, Oxford , Maryland, pers. com1n.). McLaughlin and Faisal 
( 1999) demonstrated that positive thioglycollate a5says using rec-
taJ tissue deoote advanced, generalized infections of Perki11s11s 
spp. in soft-she! I cla1ns. This observation was verified in histologic 
pre parations. Hence, the findings from our present study suggest 
that Perkinsus spp. infections n1ay be increasing in soft-shell clams 
of the Chesapeake Bay. Indeed, soft-shell clams have been shown 
to host n1ore than one species o f Perkinsus. one closely related to 
P. 111arin11s and the other an undescribed Perkins11s sp. (McLaugh-
lin and Faisal I 998a,b; Kotob et al. J 999a,b). The lack of an 
effective tool for djstinguishing between species of Perki11s11s 
within a host lin1its our ability to attribute the increased prevaJence 
to one or both soft-shel l clam Perkinsus species. 
This apparent elevation in Perkinsus spp. infections in soft-
shell cla111s of the Chesapeake Bay parallels increased prevalences 
and range extens ions of P. 111ari1111s infections in the eastern oyster. 
Increased occurre nces of the oyster parasite were attributed to high 
salinities from successive droughts during the I 980s. concurrent 
mild \Vinter temperatures, and moven1ent of infected oysters (Bur-
reson and Calvo I 996). Range extensions of P. 111ari11us parasites 
\vere further hypothesized to be associated with genetic changes in 
the host or parasite and/or environmental paran1eters (Ford 1996). 
Coincidental increases in soft-shell clam Perkinsus spp. in the 
Chesapeake Bay n1ay be attributable to similar factors. For ex-
ample, the extension of oyster P. n1ari11us into aU productive oyster 
grounds in tbe Chesapeake Bay io the late 1980s and early 1990s 
(Burreson and Calvo L996) coincided with the increased occur-
rence of soft-shell clam Perkinsus spp. observed in this study. 
lndeed, P. ,narinus \Vas first reported in oysters in Sv,1an Point, 
Chester River, in 1987 (Burreson and Calvo 1996) less than 3 
years before Perkinsus spp. infections were observed in soft-shell 
clams from the same site. Sitrularly, reduced infection levels of P. 
n1ari11us in Chesapeake Bay oysters during 1994 (Burreson and 
Calvo 1996) were concurrent with reduced soft-shell clan1 Perk-
insus spp. prevaJences in the sa1ne year. 
The high prevalences of soft-shell clan1 Perki11s11s spp. at son1e 
sites in Maryland during 1992 coincided with the lowest recorded 
catch of soft-shell c lams since l 962 (Connie Lewis, Maryland 
Departinent of Natural Resources, Annapolis. Maryland, pers. 
comm.). The continued lo\v harvests of soft-shell c lams in the 
Chesapeake Bay suggest further investigations on in1pacts of the 
parasite to M. are,wria fisheries are warranted. 
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